Abstract
We report on low operating voltage thin-film transistors (TFTs) and integrated inverters based on copper(I) thiocyanate (CuSCN) layers processed from solution at low temperature on free-standing plastic foils. As-fabricated coplanar bottom-gate and staggered top-gate TFTs exhibit hole-transporting characteristics with average mobility values of 0.0016 cm 2 V -1 s -1 and 0.013 cm 2 V -1 s -1 , respectively, current on/off ratio in the range 10 2 -10 4 and maximum operating voltages between -3.5 and -10 V, depending on the gate dielectric employed. The promising TFT characteristics enable fabrication of unipolar NOT gates on flexible free-standing plastic substrates with voltage gain of 3.4 at voltages as low as -3.5 V. Importantly, discreet CuSCN transistors and integrated logic inverters remain fully functional even when mechanically bent to a tensile radius of 4 mm, demonstrating the potential of the technology for flexible electronics.
Flexible thin-film transistors (TFTs) hold great potential for numerous emerging applications including flexible and paper-like displays, 1 wearable and textile integrated systems, 2, 3 smart labels and intelligent packaging, 2, 4 epidermal devices, 5 electronic skins, 6 as well as imperceptible, biomimetic and transient implants. [7] [8] [9] In recent years tremendous advances have been achieved through the use of metal oxide semiconductors as the channel materials 10 as they combine processing versatility 11 and high electron carrier mobility 12 leading to realization of numerous functional systems including large-area digital [13] [14] [15] and analog [15] [16] [17] spin-coated the polymer dielectric. The CuSCN active layer was grown using the same process described above, whereas Au S/D and Al gate contacts were formed by thermal evaporation in high vacuum (10 -6 mbar) through shadow masks. As gate dielectric, poly(vinylidene fluoridetrifluoroethylene-chlorofluoroethylene) [P(VDF-TrFE-CFE)] layers were utilized. P(VDF-TrFE-CFE) is a high-k relaxor ferroelectric polymeric dielectric (εR up to ≈60), which can be solutionprocessed at low temperatures. 26, 29 The P(VDF-TrFE-CFE) with composition of 56/36.5/7.5 mol% was dissolved in methyl-ethyl-ketone (MEK) at a concentration of 30 mg mL -1 . 26 As spincoated films were annealed at 60 °C for 3 h in nitrogen, resulting in a ~160 nm-thick layer. The channel dimensions of the resulting TG-BC TFTs were L = 40 μm and W = 1500 μm.
The surface morphology of the as-spun CuSCN films was studied by atomic force microscopy (AFM) in tapping mode. In addition to the electrical performance, the mechanical bendability of any emerging TFT technology is expected to play a key role in its widespread application. In order to test the mechanical properties of the CuSCN TFTs, we attached the flexible substrates to a double-sided adhesive tape and wound them around a metallic cylinder rod of 4 mm radius [ Figure 3 (a) ], so that tensile strain was applied parallel to the transistor channel. 
